Previously it has been reported that Greenland Inuit (Eskimos) from the Uummannaq district display low levels of plasma cholesterol and triglycerides and relatively high levels of high density lipoprotein (HDL) when compared with healthy Danish control subjects (Lancet 1971;1:1143-1146). Here we present data obtained in 1989 that show the following. In a group of 133 healthy adult Greenland Inuit from Nanortalik, the levels of plasma cholesterol and low density lipoprotein (LDL) cholesterol (639 and 4.39 mmol/l, respectively) were slightly higher than "normal" values found in western societies, whereas the HDL cholesterol level was markedly higher (1.64 mmol/l). Compared with most Caucasian populations, the Inuit population we studied exhibits a high apolipoprotein (AP0)E*4 allele frequency (0229), whereas the AP0E*2 allele frequency was extremely low (0.015). In contrast to Caucasian populations, in the Inuit population the apoE polymorphism showed only a minor influence on the plasma lipid and (apo)lipoprotein levels, as evaluated by multiple regression analysis, with the exception of apoE levels. This absence of an effect could be explained by the low very low density lipoprotein ( 
background. At the time Bang, Dyerberg, and coworkers performed their studies (between 1970 and 1978) , most of the Greenland Inuit still had a traditional active lifestyle and an Inuit diet that was mainly based on traditional sources, i.e., marine mammals, such as whales and seals, and fish. 6 - 7 Since then, lifestyle and dietary habits of the Greenland Inuit have been further subjected to western influences.
In western societies, nutrition, alcohol consumption, and smoking are reported to influence plasma lipid and lipoprotein levels and the risk of IHD. 8 - 17 In addition, it has been suggested that in these populations about 50% of the variation in plasma lipid levels is due to variability in genetic factors, 18 the apolipoprotein (apo) E polymorphism being one of the major genetic factors in this respect. 19 - 20 In various studies, the apoE polymorphism was shown to influence the risk of IHD. 21 -23 In both the Finnish and Japanese populations, the APOE*4 allele predisposes to a high risk of IHD. 2425 In addition, the apoA4 polymorphism has been demonstrated to influence plasma triglyceride and HDL cholesterol levels. 2 *- 28 Recently, it was shown on the basis of ultrasound measurements that the Greenland Inuit display the same amount of atherosclerosis as seen among Caucasians. 29 - 30 This indicates that the Greenland Inuit are not protected against the development of atherosclerosis anymore, although at present the incidence of EHD is still low.
The present study was initiated to evaluate whether changes in plasma levels of lipids and (apo)lipoproteins, apolipoprotein polymorphisms, and lifestyle can explain the progression of the atherosclerotic process in a well-defined Greenland Inuit population from Nanortalik that has now been adapted to a predominantly western lifestyle. Compared with the findings of Bang, Dyerberg, and coworkers in the early 1970s, the Inuit we studied now strongly resemble Caucasians with respect to their plasma lipids, (apo)lipoproteins, and cholesterol ester profile.
Methods

Population Description and Sample Collection
All Inuit participating in this study live in the municipal county of Nanortalik in southwestern Greenland ( Figure 1 ). By January 1, 1989 , the total population of Greenland Inuit in this county consisted of 2,441 individuals, 1,225 males and 1,216 females. As a part of this population-based study, all individuals between 30 and 34 years old were invited to participate in this study, which was approved by the Ethics Committee for Greenland. Before entering the study, informed consent was obtained from all participants. The age group of 30-34-year-olds consisted of 192 individuals. A complete set of data, encompassing a filled-in questionnaire, anthropometric measurements (both discussed below), and blood specimens was obtained from 133 individuals (62 men and 71 women). All of these 133 participating subjects were born in Greenland from mothers born in Greenland. By using this selection criterion we could avoid inclusion of Caucasians (mainly Danes) who recently immigrated to this region of Greenland. On medical investigation all 133 Inuit appeared to be healthy and did not show signs or symptoms indicating the presence of severe atherosclerosis. The Inuit population of modern Greenland in many ways still follows a traditional and active lifestyle. This includes a contribution from traditional food items, such as fish, seal, and whale, to their diet to a variable extent.
Blood was collected into EDTA-containing tubes after overnight fasting (including abstinence from alcohol). Plasma was separated from the cells by centrifugation at 500g for 10 minutes at room temperature. After separation, plasma and cells were stored at -20°C until use.
Questionnaire
From all Inuit participating in this study, we obtained information with respect to smoking habits, alcohol consumption, the type of diet, family relationships, lifestyle habits, and health. The questionnaire was specially designed for use under conditions particular to Greenland but essentially contained the translated questions of the WHO MONICA questionnaire. 31 Based on the data collected by means of this questionnaire, smoking habit was scored in three classes: fewer than 5 cigarettes per day, between 5 and 14 cigarettes per day, and more than 15 cigarettes per day. Alcohol consumption was recorded separately for three types of alcohol: beer, wine, and strong alcoholic beverages. Since it was estimated that each of these types of alcohol consumption contained a comparable amount of In the mixed group the diet consists of products from both of these described diets on a weekly basis, and no absolute predominance of one diet over the other can be pointed out.
Anthropometric Measurements
Body height was measured to the nearest 0.1 cm by use of a transportable device. Body weight was measured to the nearest 0.1 kg below the indication on a commercial scale (Seca). Body mass index (BMI) was calculated as weight (in kilograms) divided by height (in meters squared). Waist and hip circumferences were measured by a band measure to the nearest 0.5 cm below the indication. The waist to hip ratio was calculated as waist circumference (in centimeters) divided by hip circumference (in centimeters).
Plasma Lipid and Lipoprotein Analysis
For the isolation of VLDL plus intermediate density lipoprotein (DDL), 2 ml plasma was brought to a background density of 1.019 g/ml with potassium bromide and overlayered with 3.5 ml of a solution of sodium chloride (d=1.019 g/ml) in a 10.4-ml centrifuge tube fitting the Ti50 fixed-angle rotor (Beckman Instruments, Geneva, Switzerland). After centrifugation at 106,000g for 16 hours at 4°C, the VLDL+IDL fraction was aspirated from the top. HDL was isolated from plasma after precipitation of VLDL, IDL, and LDL by using manganese chloride and phosphotungstate. 
Apolipoprotein Quantification
Plasma apoAl and apoA4 concentrations were measured by enzyme-linked immunosorbent assays (ELJSAs) exactly as described before. 33 - 34 Plasma apoB levels were quantified by an immunonephelometric assay as described. 35 ApoE levels in plasma were measured by ELJSA as described by Bury et al. 36 In these measurements mean intra-assay and interassay coefficients of variation were, on average, 4% and 8%, respectively.
ApoE and ApoA4 Phenotyping
The apoE phenotyping was performed by a micromethod based on isoelectric focusing (pH 5-7) of delipidated plasma samples, followed by immunoblotting on a nitrocellulose filter and use of a polyclonal anti-apoE antiserum as the first antibody. 37 ApoA4 phenotyping was performed by reusing the immunoblots after apoE phenotyping as previously described. 38 
Cholesterol Ester Analysis
The fatty acid composition of plasma cholesterol esters was analyzed by means of high-pressure liquid chromatography as described before. 39 With this technique the relative amounts of palmitate (C16:0), oleate (C18:l), linoleate (C18:2), arachidonate (C20:4), and eicosapentaenoate (C20:5) in the cholesterol ester fraction were measured.
Statistical Analyses
Gender differences for the anthropometric variables and the plasma lipid, (apo)lipoprotein, and fatty acid composition of the cholesterol esters were compared with the nonparametric Mann-Whitney rank-sum test. Differences in smoking habits, origin of diet, and the use of alcohol between the sexes were evaluated by x 2 analyses. The Hardy-Weinberg x 2 t e s t w a s u^d to evaluate the genetic equilibrium for the apoE and apoA4 polymorphisms. The differences in APOE and APOA4 allele frequencies between the various populations were estimated by x 2 analyses. Multiple regression analysis was used to study the influence of the anthropometric variables, the apoE polymorphism, and lifestyle habits on the plasma lipid and (apo)lipoprotein levels and the fatty acid composition of the plasma cholesterol esters. All calculations were made with the commercially available statistical package NCSS (Dr. J. Hinze, Kaysville, Utah).
Results
Population Description
The anthropometric variables and lifestyle habits of the 133 Inuit from Nanortalik are presented in Table 1 . Inuit men are significantly taller and heavier than Inuit women, whereas BMI does not differ between the sexes. Inuit men had larger waist and hip circumferences when compared with Inuit women. Regular and excessive smoking habits (5-14 and >15 cigarettes per day, respectively) were observed in 52% and 27% of the men, and in 64% and 18% of the women, respectively (gender differences were not significant). There was a significant difference (p=0.007) in the pattern of alcohol use between the sexes. Fewer Inuit men drank less than 1 consumption per day when compared with Inuit women (5% versus 17%), whereas more Inuit men consumed more than 2 consumptions per day (35% versus 15%). A minority of the Inuit studied still consumed the original Inuit food (13% for men and 14% for women). The remaining individuals either combined the Inuit food with western food (77% and 76% of men and women, respectively) or consumed western food only (10% for both men and women).
There was no gender difference in this respect.
ApoE and ApoA4 Polymorphism
The APOE and APOA4 allele frequencies of the Nanortalik Inuit population are shown in Table 2 and are compared with the frequencies reported for other population samples. - 51 The apoE phenotype distribution is in Hardy-Weinberg equilibrium (^ =6.05, df=5 [not significant]). Because of the extremely low numbers of apoA4 1/2 and 2/2 phenotypes, it was not possible to calculate the Hardy-Weinberg equilibrium for the apoA4 phenotype distribution. For both the apoE and apoA4 phenotype distributions, no gender differences were found (results not shown). When compared with various other populations the Inuit exhibit a high APOE*4 allele frequency (0.229), concomitant with a very low APOE*2 allele frequency (0.015).
Although a statistical comparison between the various populations was not justified because of the low numbers of APOA4*2 allele carriers, it is obvious that in the Inuit population the APOA4*1 allele frequency (0.970) is higher than is usually found in Caucasian populations, whereas the APOA4*2 allele frequency was evidently less frequent.
Lipoprotein Parameters
The plasma lipid, lipoprotein, and apolipoprotein levels of the Inuit population and a Dutch control population are shown in Table 3 . Inuit men show a significantly higher level of plasma cholesterol and LDL cholesterol than do women. Gender differences were not found for the levels of plasma trigh/cerides, HDL cholesterol, VLDL+IDL cholesterol, and VLDL+IDL triglycerides. The levels of apoB and apoA4 were both significantly higher in men than in women, whereas the levels of apoAl and apoE were not influenced by gender.
Factors Influencing Lipid and (Apo)lipoprotein Parameters
Multiple regression analysis was used to estimate the independent influence of the anthropometric variables, gender, apoE phenotype, and lifestyle habits on the plasma lipid and (apo)lipoprotein levels ( Table 4) .
Among the anthropometric variables, body weight showed an independent significant influence on VLDL+IDL cholesterol levels. The plasma apoE level was influenced by body height, body weight, and the BMI. None of the lipoprotein parameters was influenced by the circumferences of waist and hip or waist to hip ratio.
After multiple regression the effect of gender on the levels of apoB and apoA4 remained, whereas that for the levels of plasma cholesterol and LDL cholesterol disappeared (compare Tables 3 and 4) .
ApoE polymorphism significantly influenced the variability of the apoE levels in addition to the effects from anthropometric variables. Surprisingly, we did not find an independent influence of this polymorphism on the levels of plasma cholesterol, LDL cholesterol, and apoB as has often been reported for other populations. 24 -28 Alcohol consumption was significantly associated with HDL cholesterol, VLDL+IDL cholesterol, apoAl, and apoB levels. Higher levels of HDL cholesterol and apoAl were found in Inuit groups with 1-2 consumptions per day (1.63 mmol/1 and 149.9 mg/100 ml, respectively) or >2 consumptions per day (1.78 mmol/1 and 156.8 mg/100 ml, respectively) when compared with the Inuit group with <1 consumption per day (1.36 mmol/1 and 131 mg/100 ml, respectively; results not shown). In contrast, the levels of apoB and VLDL+IDL cholesterol were significantly lower in the 1-2-consumptionsper-day group (82.4 mg/100 ml and 0.33 mmol/1) and in the >2 consumptions-per-day group (81.1 mg/100 ml and 0.36 mmol/1, respectively) when compared with those levels in the <l-consumption-per-day group (101.5 mg/100 ml and 0.61 mmol/1, respectively; results not shown). Dietary habits did not influence the lipoprotein values significantly (Table 4) .
Fatty Acid Composition of Plasma Cholesterol Esters
The contribution of different fatty acids to the total amount of fatty acids in the cholesterol ester lipid fraction is shown in Table 5 . In our Inuit population, we found no •Probability value indicating the difference between the Inuit male and Inuit female means, calculated with the Mann-Whitney rank-sum test.
tThis control population consists of 142 healthy Dutch individuals (71 males, mean age 42.9 years and 71 females, mean age 41.5 years) whose blood samples were analyzed exactly as described for the Inuit samples. 
Factors Influencing the Fatty Acid Composition of Plasma Cholesterol Esters
Gender, apoE phenotype, and smoking habits did not influence the fatty acid composition of the plasma cholesterol esters, as evaluated by multiple regression analysis (results not shown). However, both alcohol consumption as well as dietary habits did affect the relative composition of the plasma cholesterol esters significantly. As shown in Table 6 , increasing alcohol consumption resulted in a significantly higher relative contribution of palmitic (C16:0) and eicosapentaenoic (C20:5) acid, whereas it showed a lowering influence on the relative contribution of linoleic acid (C18:2). Inuit consuming a western diet showed lower relative contributions of palmitic (C16:0) and eicosapentaenoic (C20:5) acid and a higher relative contribution of linoleic acid (C18:2) when compared with Inuit consuming a traditional Inuit diet.
Discussion
According to Persson, 53 three geographically distinct populations of Greenland Inuit can be distinguished: an east coast population living near Ittoqqortoormiit and Ammassalik Tasiilaq; a northern population, often referred to as the Thule population, living around Qaanaaq; and the west coast population living between Upernavik and Nanortalik (see Figure 1 ). As extensively outlined by Persson 53 each of these three populations has been subjected to different immigration waves of human populations of Inuit, Canadian Indian, and Caucasian origin during the past 6,000 years. The Inuit whom we have included in the present study were all living in Nanortalik, in the southwestern part of Greenland. This region has been inhabited by Icelanders for a short time, after Eric the Red discovered this area in 982 AD, but was not influenced by a second immigration wave of Caucasian whalers and fishermen, mainly of Basque, Danish, and Norwegian origin, starting in the early 18th century. This second wave of immigration primarily influenced the more northerly west coast districts around Uummannaq. Near this latter district Bang, Dyerberg, and coworkers performed their studies in the early 1970s.
In this period, Bang, Dyerberg, and coworkers 1 -7 reported that the Greenland Inuit population is at very low risk for IHD. Plasma lipid levels differed markedly from those of an age-matched Danish control population. Noteworthy were the relatively high levels of HDL in both males and females and the low VLDL levels. Based on the observation that the Inuit living in Denmark showed lipid levels comparable with the normal Danish levels, the authors concluded that these remarkable differences originated from environmental, most likely nutritional, factors rather than from differences in genetic background between populations. They found that the fatty acid composition of the plasma cholesterol esters differed significantly from that found in a Danish control group. S7 Inuit showed higher levels of palmitic acid, oleic acid, and eicosapentaenoic acid and lower levels of linoleic acid and arachidonic acid. 5 -7 At that time, the Inuit diet primarily consisted of meat from marine mammals and fish, which is rich in long-chained PUFAs such as eicosapentaenoic acid and relatively poor in linoleic acid. 67 They concluded that the different dietary habits of the Inuit were one of the major factors explaining the low-risk profile for IHD. 1 Although Bang et al 3 stated that they were not aware of genetic differences between the Greenland Inuit and the Danish population, clear evidence for a genetic difference between both populations has appeared. These data, including information on the ABO, Rh, and MNS bloodgroups; the human leukocyte antigen sys- 'This control population consisted of 134 healthy Belgian men (mean age, 54.7 years) whose blood samples were analyzed exactly as described for the Nanortalik Inuit (the present study).
finis control population consisted of 130 healthy Inuit (61 men and 69 women; mean age, 51.8 years) whose blood samples were analyzed by gas-liquid chromatography. 5 JThis control population consisted of 31 healthy Danes (20 men and 11 women; mean age, 50.6 years) whose blood samples were analyzed by gas-liquid chromatography. , evidently show that the Greenland Inuit differ markedly from various Caucasian populations. Nevertheless, gene flow has occurred from various Caucasian populations to different parts of the Greenland west coast since its first discovery by the Icelanders. This has influenced the present Inuit gene pool to at least a minor extent. 53 Bang et al 7 conducted their study of the Inuit from the Uummannaq district, about 1,500 km north of the Nanortalik district where we collected data on the present Inuit population (see Figure 1 ). Persson 53 and Eriksson et al 58 reported marked genetic differences between these two Greenland Inuit populations, which could interfere to a certain extent with the remarkable differences existing between the observations of Bang et al 7 and the results presented in this study. To our knowledge, this is the first study in an Inuit population that investigated genetic markers that are known to influence lipoprotein metabolism, i.e., apoE and apoA4. In the Nanortalik Inuit population we observed a very low APOE*2 allele frequency (0.015) and a high APOE*4 allele frequency (0.229) when compared with other populations (Table 2) . With these APOE allele frequencies the Inuit closely resemble the distantly related Finnish and American Indian populations. Also for the APOA4 allele we observed marked differences between the Inuit and most of the Caucasian population samples (Table 2) . With the virtual absence of the APOA4*2 allele the Inuit again strongly resemble the American Indian population. These results are in agreement with the reports from Kamboh et al, 5960 showing that the APOE*2 and APOA4*2 alleles are virtually absent in indigenous populations, thereby strongly suggesting that the APOE*2 and APOA4*2 alleles are of Caucasian origin. The differences, with respect to the APOE and APOA4 allele frequencies, between the Inuit population on the one hand and the Norwegian, Danish, and Icelandic populations on the other support the concept that the Caucasian gene flow to the Inuit population is rather limited and allows us to conclude that, from a genetic point of view, the Inuit population we have studied is still of primarily Inuit origin.
The mean total plasma cholesterol, LDL cholesterol, and HDL cholesterol levels in the Nanortalik Inuit population (Table 3) , although within the range normally found for Caucasian populations, 61 were all high when compared directly with a healthy Dutch control population, whereas the triglyceride levels were noticeably lower. Moreover, they were also higher than the levels measured by Bang et al 3 in 1970 in the Uummannaq district. However, in the present Nanortalik Inuit population there was still no gender difference with Levels are percentage of total fatty acids. SD, standard deviation; NS, not significant (p>0.05).
•Probability value indicating the difference between the three alcohol consumption or diet groups as calculated by analysis of by guest on October 15, 2017 http://atvb.ahajournals.org/ respect to the HDL cholesterol levels, as was also reported previously. 3 Surprisingly, in the present study we could not find a significant influence of the apoE polymorphism on the plasma lipid and (apo)lipoprotein levels, with the exception of the apoE concentration ( 46 (data not shown). In this respect, it is interesting to note that the Greenland Inuit show very low VLDL cholesterol and VLDL triglyceride levels when compared with a healthy Dutch control sample (Table 3 ). This could explain the absence of an effect of the apoE polymorphism on plasma lipid and (apo)lipoprotein levels, as only a minor amount of cholesterol is delivered to the liver via the action of apoE. Consequently, the LDL receptor (LDLR) activity in the liver and thus the plasma cholesterol and LDL cholesterol levels are not affected by the apoE polymorphism in this population. We are also aware of two studies among Norwegians showing that the effect of thtAPOE*4 allele is influenced by a Pvu II restriction fragment length polymorphism in the LDLR gene, indicating the occurrence of an APOE-LDLR gene-gene interaction. 42 - 62 At present, we cannot exclude such a gene-gene interaction in our Inuit population.
It is obvious that the present Greenland Inuit, at least in the Nanortalik district, are regular smokers and drinkers. Smoking habits showed only a weak correlation with the plasma apoB level (Table 4 ). This is in marked contrast with various extensive studies performed in the United States and Israel, 13 alcohol consumption in the Inuit population was also significantly associated with lower levels of apoB and higher levels of HDL cholesterol and apoAl (Table 4) .
Also with respect to the type of diet, the Inuit have adjusted themselves rapidly to a western lifestyle, because at present only a minority (on average, 13%) still claim to consume an exclusively Inuit diet (Table 1 ). This could be confirmed (although only to a minor extent) by measuring the fatty acid composition of the plasma cholesterol ester lipid fraction (Table 5 ). In each of the three dietary groups (Inuit, mixed, and western diets) the fatty acid composition appeared to be very similar. We found only minor differences between the two extreme diets (Inuit versus western, Table 6 ). In the three dietary groups the fatty acid composition of the cholesterol esters resembled that found in Caucasian populations 5 -53 but differed markedly from the Uummannaq Inuit population studied by Dyerberg et al 5 and Bang et al 7 in 1970. As was previously reported for a healthy French and Belgian population, 53 - 64 we found that the fatty acid composition was significantly associated with alcohol consumption (Table 6 ). The mechanisms responsible for this association are at present not understood and are subject to speculation.
In summary, we conclude that the present Inuit, at least those from Nanortalik, now strongly resemble Caucasians with respect to their plasma lipid and (apo) lipoprotein levels and their fatty acid compositions of the plasma cholesterol esters. They also have adjusted themselves to a western way of living, including smoking and alcohol consumption. Recently, it was found that they show the same degree of atherosclerosis as healthy Danish control subjects. 29 - 30 However they do not suffer from IHD to the same extent as do individuals in most western societies. This suggests that the change toward a potentially atherogenic lipoprotein profile in the Greenland Inuit has started rather recently and that it is too early to observe the consequence of this change, i.e. increased mortality due to IHD.
